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0 Ptiotocurable lonomer cement systems. 

0 A dental cement system containing a ptiotocurable lonomer. reactive powder and water undergoes both a 
conventional setting reaction and a photocuring reaction. 

The cement system can provide a long working time and can be cured on demand by exposure to an 
appropriate soince of radiant energy. The surface of tiw cement cured In this manner is then hard enough to 
allow subsequent dinlcal procedures to be perfonned. while tiie ongoing chemical-cure "setting** reaction 
hardens ttie remainder of ttie cement 
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PHOTOCURABUE lONOMER CEMENT SYSTEMS 



TECHNICAL RELD 



The present invention relates to lonomer cement systems useful, for .nstence. for the P^Pf^T^ 
dental and medlcaJ adheslves. bases, liners, luting agents, sealants, and filhng matenals for r^orabve 
and/or endodontic use. This invention also relates to methods and compositl«« for setbng^c^.^ 
cement-systems. In another aspect this Invention relates to the ionomers useful in such systems, as well as 
to methods of using such Ionomers. and the cements fonned v»ith such ionomers. 



to 



BACKGROUND ART 



The setBng reaction of ionomer cements is known mainly through studies of glass ionomer cemente. 

,s i.e.. lonomer cements m which the powder used in the cement is an ionHe«*able gte«. svti^ ^ 
based on caWum alumlnosincate glasses, or more recently, borate glasses. See ^neraily. Pn^^aL- 
•Poiyelectrolyte Cements'. Wilson and Prosser. eds.. Developments in tonic Poiymers-1. Oiapter 5. 
AppBed Science Publishers (London and New Yorlc. 1983). In the setting reaction, the PO^^bJ^J 
abase and reacts with the acidic polyeiectrolyte. i.e.. ionomer. to fom. a metel P"^'^^'*^^? *^ 

20 binding matrix, water serves as a reaction medium and allows the transport of wns in what IS essen^ 

'""'rteSng reaction is therefore characterized as a chemical cure system that proceeds automaficalty 
upon mixing the ionomer and powder in the presence of water, ^cements set '^^^■[^'T^;' 
few minul^ and rapidly harden to develop strength. See. e.g.. Prosser et al.. J. Chem. ^ aotechnol. 

2S £^69^ (l979).SelSing agents, such as tartaric add. have been d^b^ 
7m of setBng. e.g.. to provide longer woridng times for the cements. See. e*. 
4.209.434. 4.317.681 and 4.374.938. Unfortunately, when woridng times are lengthened by the usual 
methods, setting times are generally also lengthened. 

Many commercially available glass ionomer cements include such chelating agente. and as a result are 

30 characterized by woridng times that are on the order of 1 to 2 minutes, but relatively '<^settng6mes^ 
e.g.. on the order of 4 to 15 minutes. During this set time a dry field ^ ^ 
d^sicatfon of the cement must be avoided. Such conditions can lead to discomfort for ttie patient as well 
as the added bunien of having to spend extra time in the dentlsf s chair. Thus present day glass lonorner 
cements, although beneficiai clinically, are quite technique^sitive. as well as timeK»nsuming for the 

35 dentist arid patient .j_u.i« ^ »i i n««» 

Of peripheral relevance to the present invention, but worth noting nonetheless. Mathls et al-.i 
Res 66-113 (Abst No. 51) (1987). reports the addition of a separate Oght curable composite resin to the 
iiq;^ ^ponent of an lonomer In order to fom, a "hybrid" material. This hybrid material was cured by 
exposure to a visible light source immediately after mixing it with powder, 
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Further adjustebiiity of woridng time and setting time would be desirable in order to provide greater 
flexibinty in the fonnulation of ionomer cement systems, and in particular, glass tonomer 
Such adlustability is also desirabte in order to extend tt» practical appBcaUon of such cement syrtems to 
uses InvoMng higher glass toading levels (e.g.. for posterior or indsal appHcations) or tower mix vl^^ 

(e.g., endodontic sealante)ttian are attainabte using cunent techniques. 

The present invention provides, in one aspecL tonomer cemert systems that are pfto^^ 
radiant energy. Such systems provide Ihe opportunity to achieve tong woridng times as well as short setting 
times. These systems are prepared using photocurable ionomers which compnse a polymer having 
sufficient pendent tonfc groups to undergo a setting reaction in ttie presence of a reactive powder artd 
water, and sufficient pendent polymeriabte groups to enabi ttie resulting mixture to be cured by exposure 

to radiant energy. 
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The invention also provides methods tor preparing and mettKxls for using such photocurable .onomer 
cement systems In another aspect the present invention also provides novel photocurable lonomers. 
^^t^lM^ner^Snent ^of the present invention comprises (a) photooir^te .onomer 
as dwSherein and (b) reactive powder. Preferred optional ingredients of the photocurable lononw 
SsiT^d w^^^ in a fo^ that does not prematurely begin to set th 
STerSn iniSrs modifying agents, and copolymerizable and nonKxpclymenzable «;30^^. Ott^ 
SS^^redients include pigments, fillers (e.g.. pulverized predous or nonprecous metals. silKra. quartz 

" T Z^^J^lZr cement systems of the present invention can be used to ^a cement 
by <»^lS?^ ionomer and the reactive powder in the pr^ 

SsSJL. tt« water serves as a reaction medium allowing the transport of ions ben^een the -o""^ ^ 
powder, thereby allowing the acid4«se chemical '^Zl^^'^'j^^^^'S^ 
reaction «n also be lenned the 'daric reaction- in that it will proceed regardless of the presence of light or 

TXr^s oTTp^invention provide a valuabte and tlme^ng opportunity to cure tt.^ 
rapidV^dTn demand WTbrief exposure to an appropriate source of «diant «^^J;« 
SipLnts have been mixed and the setting reaction has begun^ wh.le JL*^^^^^^ ^ 
Dias«& 1 e -woritabie". state. As a result, the practitioner can achieve long woriang times bv^euse of 
SSr^^gZto sk^r the setting reaction, but need not be burdened with tt^j^P"";^""^ 
^«nglmes. By the use of modifying agents as discussed in 9reat«^<*«f ' 
^s ci be made to have sufficiently long woridng times for use in new medical and dental appteanons 
whera ionomer cements have not hrtherto been employed. 

/iSSJt hS also discovered that certain modifying agents traditionally "3«J in gtess »nom^ ^ 
svsten^ To tartaric add. do not provide longer woridng times when used in the systems of the 
SS;. ^^I^h^ Sscovered'Z a new greup of compounds can be used as modrfymg agents .n 
oreler to provide the desired result of prolonged woridng times. 

Moreover by the use of fluorides»ntaining reactive powders, as explained more fully below, me 
the ability to prepare a dental res-^-^^^ ^>^^ *^ 
of exhibiting cariostaBc fluoride release. Sudi a combination of properties ts highly desirable. 

DETAILED DESCRIPTION 
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35 The tenn "photocurable ionomer-. as used herein, refers to a polymer having suffioent pendent ionic 
grou^to^eSi a setdng reaction in the presence of a reactive powder^ 

SSJn»rizable ^ps to enable the resulting mixture Id be polymerized. l.e.. cured, upon exposure to 

'**?!l^-reactlve powder", as used herein, refers to a metal oxide or hydroxide, mineral dfi^e. or 
40 ion^IS^gS^!^le Of reacting wim the ionomer in the pre^^ 

?S^m, -ionomer cement system", as used herein, refere to the urunlxed. or ^uns^a^d 
uncured. combination of photocureble ionomer. reactive powder and ojerojjo^ "J^J^^i^ S 
water. Such systems indude Wts in whid» the ionomer is employed as a concertrated ^^^f^' 
mb&i direcS with the powder, as wdl as Wts in wWd. the tonomer IS empl^ 

" ^re';::~"«sedhereln.refersto*e«^ 
• reaction, i.e.. when the ionomer and readive powder are combined in ^^J^^^^r^^^^ ri 
the setting readion has proceeded to the pdm at whidi H is no longer pradical to J^rfonnfa^h* 
worituoon the system. e.g..spatulatB it or refonn it. for its intended dental or medical purpose. 

tST^T-S^ timt-.^used herein, refers to the time between the beginning of the setf ng readion 
i„ al^n a^^*e time suffident hanlening has occured to altow ^^"-^^"SSi^rnld 
perfonned on the surface of the restoration. Sud> hardening can occur either in the course of the nomial 

settina readion andtot by curing a photocurable system. 

"••^Sabie lonomere of the present Invention comprise * Pojy^^or hav^^ 
groups to undergo a setting readion in the presence of a reacfive p*^ 
pdyrrwrizable groups to enabi the resulting mixture to be cured by exposure to radiant energy. 
PrefWred photocurable lonomers have the general Formula I: 
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B<X)m=(Y)„ I 
wherein 

B represents an organic backbone. 
5 each X independently is an iortc group capable of undergoing a setting reaction in the presence of water 
and a reactiv powder. 

each Y independently Is a photocurable group. 

m Is a number having an average value of 2 or more, and 

n is a number having an average value of 1 or more. 

10 Preferably the backbone B is an oGgomeric or polymeric backbone of carbon-carbon bonds, optionally 
containing notHnterfering substftuents such as oxygen, nitrogen or sulfur heteroatoms. Ihe term "non- 
interfering* as used herein refers to substltuents or linking groups that do not unduly interfere with either 
the photocuring reactfon of the photocurable lonomer or its dark rea:tion with the reactive powder. 
Preferred X groups are acidic groups, with cartx>xyl groups being particularly prefenred. 

f5 Suitable Y groups include, but are not limited to. polymerizable ethylenically unsaturated groups and 
polymerizable epoxy groups. Ethylenically unsaturated groups are prefenred, especially those that can be 
polymerized by means of a free radfcal mechanism, examples of whfeh are substituted and unsubstituted 
acrylates, methacrylates, aikenes and acrylamldes. In aqueous systems, polymerizable groups that are 
polymerized by a cationic mechanism. e.g., polymerizable ethylenteaily unsaturated groups such as vinyl 

20 ether groups and polymerizable epoxy groups, are less preferred since a free radical mechanism Is 
typk^ly easier to employ in such systems than a cationic mechanism. 

X and Y groups can be linked to the backbone 8 directly or by means of any non-interfering organte 
linking group, such as substituted or unsubstituted alkyi, aikoxyalkyi, aryl. arytoxyalkyi, aikoxyaryl. aralkyi, or 
aikaryi groups. 

25 Photocurable lonomers of Fbnnula I can be prepared according to a variety of synthetic routes, 
including, but not limited to. (1) reacting n X groups of a polymer of the formula B(X)„*„ with a suitable 
compound in order to fomn n pendent Y groups. (2) reacting a polymer of the fbnnula spOm at positions 
other than the X groups with a suitable compound In order to form n pendent Y groups. (3) reacting a 
polymer of the fbnnula B(Y)«*„ or B(Y)„. either through Y groups or at other positions, with a suitable 

30 compound in order to form m pendent X groups, and (4) copolymerizing appropriate monomers. e.g.. a 
monomer containing one or more pendent X groups and a monomer containing one or more pendent Y 
groups. 

Ihe first synthetic route referred to above is preferred, i.e.. the reaction of n X groups of a polymer of 
the fonnula B(X)«.„ to form n pendent Y groups. Such groups can be reacted by the use of a "coupling 

35 compound", i.e.. a compound containing both a Y group and a reactive group capable off reacting with the 
polymer through an X group in order to fom a covalent bond between the coupling compound and tt» X 
group, ttiereby linking the Y group to the backbone B In a pendent fashion. Suitable coupling compounds 
are organic compounds, optionally containing non-interfering substituents and/or non-lnterfiering linking 
groups between tfie Y group and the reactive group. 

40 Particularly prefen-ed photocurable lonomers of Fonmula I are those In which each X Is a carboxyl group 
and each Y is an etiiylenfeally unsaturated group that can be polymerized by a free radteal mechanism. 
Such lonomers are convenientiy prepared by reacting a polyalkenoic acW (e.g.. a polymer of formula B(X)- 
wherein each X Is a carboxyl group) witti a coupling compound containing both an ethylenically 
unsaturated group and a group capable of reacting witii a carboxylic acid group. The molecular weight of 

45 the resultant photocurable ionomers is preferably between about 250 and about 500.000. and more 
preferably between about 5.000 and about 100.000. These ionomers are generally water-soluble, but to a 
lesser extent than the polyalkenoic acids from which ttiey are derived. Hence, tiie use of cosolvents. as 
described more fully betow. Is prefenred in order to enhance ttie solubility of the lonomers and achieve 
more concentrated solutions thereof. 

50 Suitable polyalkenoic ackls for use in preparing ionomers of tills Invention include ttiose homopolymers 
and copolymers of unsaturated mono-, dl-. or tricarboxylic adds commonly used to prepare glass ionomer 
cements. Representative polyalkenok: adds are described, for example. In U.S. Pat Hos. 3.655,605. 
4.016,124, 4,089,830. 4.143.0ia 4,342.677, 4.360.605 and 4.378.835. 

Preferred polyalkenoic adds are tiiose prepared by the homopolymerization and copolymerization of 

55 unsaturated aliphatic carboxyito adds, for example acrylic add. 2-chkXDacrylte add. 3-chtoroacryllc add. 2- 
bromoacrylk: add. 3-bromoacrylk: add. mettwcrylic add. itaconk: add. n>aieic add. glutaconte add, aconWc 
add. dtraconk: add, mesaconic add. fwnaric add and tiglic add. Suitable monomers ttwt can be 
copolymerized with the unsaturated aliphatic cariwxyito adds indude unsaturated aliphatic compounds such 
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as acrylamide. acrylonitrile. vinyl chtorid . aJlyl chlwide. vinyl acetate, and 2-hydroxyettiyl methacrylate, 
Ter- and higher polymers may be used If desired. Particularly preferred ar the homopolymers and 
copolymers of acrylic add. The potyalkenofc add should be surgically acceptable, that is. It should be 
substantially tree from unpolymerized monomers and other undesirable components. 
5 Particularly preferred polyaikendc adds also indude homopolym rs of polyacryllc add, and 
copolymers of acrylic and itaconic adds, aayllc and maleic adds, methyl vinyl ether and maleic anhydride 
or maleic add, ethylene and maleic anhydride or maleic add, and styrene and maleic anhydride or maleic 
add. 

Polymers of fwinula B(X)m*n can be prepared by copolymerlzing an appropriate mixture of nrwDnomers 
10 awl/or comonomers. Preferably, such polymers are prepared by free racfical pdynf>eri2ation. e.g., in 
solution. In an emulsfon, or interfacially. Such polymers can be reacted with coupling compounds in the 
presence of appropriate catalysts, as described more fully in the examples below. 

Coupling compounds suitable for use for preparing the prefenred ionomers of the present invention 
Include compounds that contain at least one group capable of reacting with X in order to fonn a covalent 
T6 bond, as well as at least one polymerizable ethylenically unsaturated group. When X is carboxyl. a number 
of groups are capable of reacting with X. Induding both electrophilic and nucle<H>hillc groups. Examples of 
such groups Include the following moieties, and groups containing these mdeties: -OH, -NHz, -NCO, -COCI. 
and 

20 -CH-CH, • 

V 



Examples of suitable coupling compounds indude, but are not limited to. acryloyi chloride, methacrytoyi 
25 chloride, vinyl azalactone. allyl isocyanate. 2-hydroxyethylmethacrylate. 2-aminoethylmethacrylate, and 2- 
Isocyanatoethyl methacryiate. Other examples of suitable coupling compounds include those described In 
U.S. Pat No. 4.035.321. the disclosure of which Is hereby incorporated by reference. Examples of prefen^ 
coupling compounds include, but are not limited to. the following methacryiate compounds and their 
correspondng acrylates 
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0 

II 

HO-CH, -CH, -0-C-C-CH, , 
CH, 



0 
II 

Hj N-CHj CH, -0-C-C-CHj , 
CH, 

O 

CH, -CH, -CH- -0-C-C-CH, , 
^0 CHj 

0CN-C-/O/~^"^"2 ' ^""^ 
— CHj 

H O R 0 
OCN- ( CH, ) p -N-C-O-C-CH, -0-C-C-CH, 

H CH, 

wherein pis1to20andRisHor lower aikyi (e.g., having 1 to 6 cartMn atoms), as wen as the following 
allyl compound 

CH,-CH,-CH,-0-CH,-CH-CH, . 
^^2 2 



Particularty preferred coupling compounds are the following methacrylate compounds and their cor- 
responding acrylates. wherein R is as defined above. 
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OCN-CH, -CH, -0-C-C-CH, 

2 2 ,2 

CH 



to 



•3 



0 o 
OCN-(CH, )^-NHCO-CHKHjOC-C«CHj 

CH3 

wherein q is 1 to 18. 



0 0 CH, 

fS , , II II I ^ 

OCN- ( CH J ) -NH-C-NH-C-C-CH 



wherein q is as defined above, 

CHj-^ V-NH-C-CH-CHj -0-C-C-CHj , and 

I J NCO OR O CH, 

H3 C--^- CHj NHC-CCHj -O-C-C-CHj 

Preferred photocurable ionomers of Formula I are prepared by reacting a polymer of formula BOOm^n 
wherein X is GOGH with a coupling compound containing a reactive group of Oie formula NCO. The 
resultant Ionomers, e.g.. those of Formula I above wherein the covatent bond between the X group and the 
reactive group of the coupling compound is an amide linkage, are believed novel and provide an optimal 
combination of such properties as adhesion to dentin, mechanical strengtii. working time, fluoride release 
and the like. 

The preferred photocurable Ionomers of the present invention can t3e formulated in water, either alone 
or with the use of adjuvants such as cosolvents descnbed in greater detail below. The preferred 
concentration of tonomer in aqueous solution is between about 10 and about 70 percent by weight, based 
on the weight of the final aqueous solution, and more preferably ts between about 20 and atxnit 50 percent 
by weight For optimal use in preparing a cement of tfie present invention, ttie preferred viscosity of the 
tonomer solution is between about 60 and about 900 centistokes. and most preferably between about 150 
and about 500 centistokes. lonomer solutions having higher viscosities will generally be more drfflcult to 
mix, and solutions of lower molecular weight ionomer mil generally |>rovide cements having k>wer strength. 

In order to prepare a photocurable ionomer cement from the cement system of this invention, a 
photocurable ionomer is mixed with a reactive powder in tiie presence of water. Optionally, and preferably, 
tiie cement system also includes modifying agent and polymerization initiator, tiiereby provkJing the ability 
to achieve a longer working time and a shorter setting time, respectively, when preparing the resultant 
cement 

Reactive powders suitable for use in the cement systems of this invention ktdude those that are 
commonly used witii ionomers to form ionomer cements. Examples of suitable reactive powders are 
descrifc)ed in the Prosser et al. article cited above, ttie disck)sure of which is hereby Incorporated by 
reference, as well as metal oxkies such as zinc oxkSe and magnesium oxide, and iorV'leachat>le glasses, 
e.g.. as described in U.S. Pat Nos. 3.655,605. 3.814.717, 4.143.018, 4.209.434. 4,380.605 and 4,376.835. 

Particuiarty pref^nred reactive powders for use in the cement systems of Oils invention are ttiose that 
contain teachable fluoride, since ttie sustained release of fluoride k3n8 as a byproduct of tiie setting 
reactions provktos cariostatic benefits. Examples of preferred powders include fluoroalumlnosiiicate and 
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""Ttrr^lSl^inven^on can fre.uen«y be po.yn,eH.ed without .Je - o, one . 
a,ore polySSzatton imSTe-g.. by the use of thermal energy or t,y exposure to ah.gh 
xenonso^. Optionally, and preferably, the ionomer cement system f^*""** 
JS;^^^ inLxs L act as a source of free radicals when activated. Su^ 
alone or in combination with one or more accelerators and/or sensitizers. _4:^^ 
?oUSn initiators suitable (or use in the present invention include ^^^"^^^^^''^ 
iwJuced polymerization initiators, such as ultraviolet- or visibWight-induced polymenation imt^. tha^ 
SS^a wS^bination of such properties as stability and efficiency of free rad«al production and 

'"•'^^^'ItSe ultravloleHnduced polymerization initiators Include, but are not limited to. Iceto^ 
such as benzil and benzoin, and acyldns and acyloin ethers, commercially 8va.lable. for example, from 
AWrich Chemical Co. Prefenredultraviotet-inducedpolyrnerization initiators .^^^ ,,.„«rt^2. 
2.2-dimethoxy-^1>henylacetophenone flrgacuie 651-) and benzo>n methyl ether (2-methexy-2. 
ohenylacetophenone). both commercially available from Oba^eigy Corp. . 
'^cSfptSTsuiteble visible^lght-induced initiators include, but are not Bmiled to d.aryl»don.,^ s^ 
and triarylsulfbnium salts, as well as chromophore substituted »«tome*yl-sHWaz,n^ such as th^ 
described in U.S. Pat No. 3.954.475. and halomethyl oxadiazoles such as those descnbed in U.S. Pat No. 
4212.970. Such initiators can be used alone or in combination with suitable '>''^^'j;:^;i;^ 
pJoj^es. and phosphonis compounds, andtor with suitable photosensHizers. e.g.. ketone or alpha^katone 

'^'"S'Xtocurable ionomers that are polymerized by a cationic mechanism, suitable initiat«D« include 
salts mat^TSpable of generating cations such as the dlaryHodonium. triarylsuHbnium and aryld.azon.um 



Preferred visible light-induced polymerization initiator systen« mc^de suitebte 
diketone. e.g.. camphorquinone. and a diarylkxlonium salt e.g.. dlphenylKxion.um ^tonde. 
or hexaiuoraphosphate. with or without addltk)nal hydrogen donors, or accelerators, such as sod.um 

benzene sulfinate. amines or amine ateohols. . ^ . in an 

Polymerization initiator, when emptoyed. Is preferably present m the ronomer cement system In an 
amount sufficient to achieve the desired extent of polymerization. Such amount ^^^^^""J.^^ 
extinction coefficient of the initiator and the thickness of the layer to be f^^^'fj^ 
Typically, an ultraviolet-induced polymerizatton initiator will be present at about 0.01% to about 5%. based 
o^tS i of the ionomer<s) present and the components of a visible nght-lnduced P<>2">enzabon 
^ ^4m wiU generally be present at a combined weight of about 0.01 to 5%. and preferably from 
about 0.1 to 5%. based on the weight of the tonomer(8) present K.^^^»,ivaH 
components of the photocurable tonomer cement system canbe combined, e^btended ormUed. 
in a variety of manners and amounts in order to fomi the photocurable ^'^^ ^^'^j^'"'^^' 
Suttable combining techniques include those commonly emptoyed to mix ionomer cement systtrr*. 

Tone suitabi technique, a concentrated aqueous ^Jj^'^J^J^,'^^ 
reactive powder at the time of use. The resultant comblnalion of tonomer. powder and water altows the 

'^;?I^^S;,S^k,ue. the photocurable Ionomer and powder are 

under substantially anhydrous conditions. i.e.. conditions in which there .s not suffiaent water to atowttw 
Sg^^oTtopnxid. Such systems can th^^ 

"^^iS'r^rt .JjSS^O e.. reactive powder or powdered blend of tonomer and reactive powder) to Ik^ 
in such technkjues is an important factor in determining the workability of the ^^J^'**^.^^^ 
Ratl« higher than about twenty to one (powder to Ik^id. by weipht) tend to exh.brt poor 
workability, whileratiosbetowaboutonetoonetendto exhibit poor mechantoal P'opert^. e.g.. strength, 
and hence are not prefened. Preferred rattos are on the order of about one to one to about fiv^^ 

Optional other ingredients, such as polymerizatton mltiators. nwdifylng agente 
added at any time and in any manner that does not prematurely begin the settng "f^Jon ome 
Dhotocuring reactton. KAodifying agents can be used m the ionomer cement systems of the presert 

order to pn,vkte prSonged working times. Appltoam has dfe^^ 
useful as modrfying agents in the systems of the present Invention. 

Modifyingi«Sts useful in the cement system of ttte present inverrtton are selected from mejjoup 
consisting 6f alkanoiamines. e.g;. ethanolamine and triett«nolamlne. and mono-, dl- and tri-sodium 
hydrogenphosphates. 
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Modifying agents can either be incorporated into an aqueous solution of the lonomer. or can bemined 
with the powder to be used in th ionomer cement system. The modifying agents are preferably used at a 
concentration bet«*een about 0.1 to about 10 percent by weight, based on the weight of the reactive 
powder, and preferably beMreen about 0.5 to about 5 percent 

Cosolvents useful in the present invention include, but are not limited to. low molecular weight organic 
solvents The word -cosolvenf. as used herein refers to a material that aids in the dissoluton of a 
photocurable ionomer in water, in onJer to form a homogeneous aqueous solution of cosolvent and lonomer. 
Suitable cosolvents Include non^wpolymerizable organic solvents and copolyrnerizable low molecular 
weight hydrophinc alkenyl solvents. THe word "copolymefizable- as used herein refers to the ability of the 
cosolvent to cure compatibly with the ionomers used in the invention. Copolyrnerizable cosoh«nts can be 
added to the lonomer cement systems of this invention for a variety of reasons, for instance. 
homogeneous solution of a photocurable ionomer having inherently low aqueous solubility, to shorten me 
exposure of radiant energy needed to cure the system, or to vary the physical properties e.g.. the 
flexibility, of the resultant cured ionomer cement Bcamples of suitable cosolvents include non- 
copolymerizable cosolvehts such as ethanol. propanol. and glycerol, and copolyrnerizable cosolvents such 
as 2-hydroxylethylmethacrylate or 2-hydroxypropylmethacrylate. . ^ ,^ u 

Sufficient amounts of each component in the cement systems of the present Inventon should be 
employed to obtain the desired worldng time. Preferably such systems will provide a working time of at 
least about one minute and most preferably greater than two minutes, during which time the systems can 
be cured by exposure to an appropriate source of radiant energy. f=br the sake of brevity this discussion will 
locus on dental applications, and particularly, the curing of such systems In situ. e.g.. in the mouth of a 
Dationt- 

The curing of the ionomer cement system is accomplished by exposure to any source of radiant energy 
capable of causing the desired extent of polymerizattoo of the photocurable kMiomer. Suitable radiant 
energy sources afford a desired combinatkMi of such properties as safety, controllability, suitable intensi^ 
and suitable distribution of incident energy. See generally. -Radiation Curing". Kirit-Othmer Encyctopedia 
Chemical Technology 3d Ed.. Vol 19. pp. 607^4 (1982). Preferred radiant energy sources are ultraviolet 
or visible flght sources whose emission spectra correspond closely with the absorption range of tl» 
pdymerizalion initiator in the ionomer cement system. For instance, sources emitting uRraviolet Hght at 
^velengths between about 335 and 385 nm. and sources emitting visible light in the blue region at 
wavelengths between about 420 arid 480 nm are preferred for use with the preferred uKravjolet- and visiWe- 
nght-induced polymerizafion initiators, respecthwiy. Fbr polymerizing cement systems In the mouth, visible 
light radiatfon such as that provided by standard dental curing lights is particulariy prefe^ed. 

Upon exposure of an ionomer cement system of the present invention to an appropnate sowce of 
. radiant energy, the system rapidly begins to cure. e.g.. within about 45 seconds, and preferably wWiin about 
30 seconds. The restoration generally exhibits the greatest degree of cure at its surface, where the radtent 
energy is most Intense. The surf&ce of the restoration therefore can be cured sufficieiitly to altow 
subsequent procedures to be perfonned on the restoration, while the interior of the restoration is allowed to 
harden fully by means of the ongoing setting reactton. Thus, if the curing step is omitted, the usual setting 
readton will occur, ultimately resulting in the hardening of the material, even in the darit. This phenomenon 
offers a unique advantage in that a relatively deep restoration can be prepared by rapidly curing the outw 
surface of the restoration instantly by exposure to radiant energy, altowing the inner portions of the 
restoratfon to cure more stowly by the usual setting reaction. As a result, the dentist can ^ ^anry 

out further restorative procedures. e.g.. layering further kxwmer cement on the hardened surface, wmie the 
Inner portions continue to harden. TWs can result In a substential saving of time for the practitioner and 

''^^ lonomer cemente of this inventton can be used in a variety of appHcatkMis in the dental or medical 
fieUs in which a bulk curable material of low shrinkage is desired that will adhere well to the surrounding 
tooth or bone structore. For instance, these cements can be used as dental restoratives for lining or basing 
Class I II III and V restoratfons. fbr cementation, as sealaits, and as bulk filling materials. 

Th^ wesent invention will be farther understood in view of the foUowing examples whteh are merety 
illustrative and not meant to limit the scope of the Inventton. Unless othenwise indfcaled. an parts and 
percentages are by weight 

EXAIMPLEI 
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Synthesis of Low Molecular Weight Polyacrylic Add 

A glass reactor fitted with two addition funnels, a thermometer, a mechanical stinrer, a reflux condenser 
and a nitrogen inlet tube was charged with 354.4 parts dry tetrahydrofuran ("THF") (water content <0.02%). 

5 A solution of 144 parts acrylic acid monomer in 82.4 parts THF vvas charged into one of the addition 
funnels. A solution of 1.64 parts azotMsisotJutyronitrile ("AIBN") Initiator in 102 parts THF was charged into 
the secofKj funnel. The nitrogen purge was started and the reactor heated. When a temperature of 
approximately 60* C was attained in the reactor vessel, the monomer solution was added at a rate of about 
9 parts every 5 minutes and initiator solution was added at a rate of atxxit 4.5 parts every 5 minutes. After 

10 the additions were complete, the reaction was allowed to proceed at atxxjt 60* C for an additional 2 hours, 
resulting in a homogeneous, slightly hazy solution. Gel permeation chromatography ("GPC*) showed the 
weight average molecular weight ( W^) of the resultant polymer to be 9.700 with a polydispersity of 2.7. 



IS EXAMPLE 2 



Synthesis of iHIgh Molecular Weight Polyacrylic Acid 

20 

Nitrogen gas was bubt)led into a solution of 15 parts acrylic acid. 82.5 parts p-dioxane and 0.15 parts of 
AIBN for a period of 15 minutes. The reaction vessel was then stoppered and heated at atx^ut 60*C for 
apprnximately 18 hours, at which time infrared spectral analysis showed the at)sence of C=C bands at 
1635 cm'\ Gel permeation chromatography of the homogeneous, clear, viscous product showed ttie to 
25 be 1 15.452 with a polydispersity of 4.4a 



EXAMPLES 

30 

Syntiiesis of Copoly 4:1(Acrylic:itaconic) Acid 

The reactor of EXAMPLE 1 was charged witfi 132.9 parts THF. One of the addition funnels was charged 
35 with a monomer solution containing 58.6 parts acrylic acid. 26.0 parts ttaconic add and 150.6 parts THF. 
The other addition funnel was charged with an initiator solution containing 0.82 parts AIBN in 115 parts THF. 
The reactor vessel was flushed witti nitrogen and heated to about 60*C. The monomer solution was added 
at a rate of about 9 parts every 15 minutes and the initiator solution was added at a rate of about 4.5 parts 
every 15 minutes. The temperature of the reactor vessel was kept at about 62-64* C. After the addition of 
40 monomer and initiator solutions was complete, tiie reaction mixture was allowed to stir at approximately 
dbout 64* C for approximately 17 hours, at which time infrared spectral analysis showed ttiat the 
polymerization reaction was complete. 



45 EXAMPLE 4 



Syntiiesis of Copoly 7:3(Acryllc:ltaconic) Acid 

so 

The reactor of EXAMPLE 1 was charged with 134 parts THF and flushed with nitrogen. A monomer 
solution containing 39 parts itaconic acid. 50.4 parts acrylic acid and 226 parts THF was added at a rate of 
about 12 parts every 5 minutes. An initiator solution consisting of QJQZ parts AIBN in 51 parts THF was 
added at a rate of about 2.2 parts every 5 minutes. After addition was comp)lete. the reaction mixture was 
55 heated at about 60*C for approximately 2 hours. Gel permeation chromatography showed the to be 
18,310 witii a polydispersity of 3.0. 
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s Synthesis of Copoly 4:1 (AcryIic:Malelc) Add 

The reactor of EXAMPLE 1 was charged wfth 268 parts THF and flushed with nitrogen. A monomer 
solution containing 232 parts maleic acid, 57.6 parts acrylic add and 88.6 parts THF. was added at a rate 
of atxxjt 6.6 parts every 5 minutes. An initiator solution containing 0.82 parts AIBN in 51.4 parts THF was 
10 added at a rate of about 22 parts every 5 minutes. The reaction mixture was then allowed to stir fbr an 
additional 2 hours at about 60*C. Gel permeation chromatography showed the to be 10.800 with a 
polydispersity of 2.5. 

« EXAMPLES 6-8 



Reaction of PolyacryGc Acid of EXAMPLE 1 with 2-lsocyanatoethyl Methacrylate 

20 

Into a three-neclced glass reaction vessel fitted virtth mechanical stirrer, dry air inlet tube, addition funnel 
and thermometer was transfen^ed a portion of the THF solution of EXAMPLE 1 which contained 24.7 parts 
polyacrylic add. To this solution were added sequentially 0.08 parts BHT, 0.08 parts triphenyistlbine 
(TPS"), 0.135 parts dibutyltin dilaurato ("DBTL"), and an additional 26,6 parts THF. The stinrer was started 

26 and the reaction mixture was heated to about 32-35 'C. The amount of 2-isocyanatoethyl methacrylate 
(•lEMT fbr each Example was varied as shown In TABLE I. TTie lEM was added dropwise over a period of 
approximately 45-50 minutes, so that the reaction temperature did not exceed about 40* C. After the lEM 
addition was complete, the reaction was stirred at this temperature until the evolution of carbon dioxicfe 
ceased. At this point the heating source was removed and the reaction was allowed to stir at about 20 C 

30 tor an additional hour, infrared spectral analysis showed the aissence of the NCO band at 2350 cm"^ and 
the presence of the amide band at 1530 cm"\ The homogeneous solution was then transferred to a rcrtary 
evaporator and concentrated to a syrupy consistency. The concentrate was added in a thin stream to 
approximately 500 parts of diethyl ether with agitation, whereupon the polymer predpitaled as a fine wfw'te 
solid. The precipitate was filtered, washed with 100 parts of diethyl ether and dried in vacuo. Set out below 

35 in TABLE I are the parts of lEM, the yield of polymer, and the viscosity of a 45% solution of the polymer in 
a mixture of 2-hydroxyethyl methacrylate CHEMA'yWaler (2:3 by weight). 

TABLE I 



40 



46 



Example 


Parts of 


Polymer 


Viscosity 




lEM 


Yield (%) 


(cstokes) 


6 


6.38 


100 


233 


7 


7.97 


99.9 


286 


8 


9.56 


96.5 


262 



EXAMPLE 9 

SO 



Reaction of Pdyacryfic Acid with Allyl Isocyanate 

To a solution containing 2.3 parte of the polyacrylic add prepared as described in E)(AMPLE 2 was 
added 0.005 parte of BHT and 0.01 parte of DBTL The mixture was stinred to obtain a clear solution. A 
solution of 0.6 parte of allyl isocyanate in 2 parte of pnlioxan was added dropwise. The reaction mixture 
¥vas allowed to stir at about 60*C until the evolution of COz ceased. The mixture was then cooled to about 
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20 



40 



20* C and allowed to stir for an additional 18 hours. The polymer was precipitated, tittered, washed with 
hexanes and dried. 



EXAMPLE 10 



Reactkm of Potyacrylic Acid with lEM 



2 Parts of OBTL were added, with stirring, to 15 parts of the polyacrylic add soiution of EXAMPLE Z 
fEM (7.5 parts) containing 0.05 parts BHT was added dropwise to the mixture. The reaction mixture was 
stirred at approximately 20*C for about t/2 hour, followed by heating at about 60* C for approximately 1 
hour. Copious evolution of carbon dioxide was deserved initially, but ceased as the reaction approached 
IS completion. A white material precipitated out initially, but with continued stirring at about 20* C, it gradually 
dissolved providing a clear solution. The solution was added in a slow stream to diethyl ether; the solid 
which precipitated was filtered, washed with diethyl ether and dried In vacuo. The dry polymer was 
dissolved in a 2:3 mixture of HEMA and water. 



EXAMPLE 11 



25 Reaction of Copoiy(4:1 KAcrylic:ttaconic Add) with lEM 

The polymerized reaction mixture of EXAMPLE 3 was allowed to cool to about 35* C. To the stirred 
mixture was added 0.15 parts BHT, 0.15 parts TPS and 1.03 parts OBTL A stream of air was introduced 
Into the reaction mixture, and the reaction temperature was increased to about 40* C. A soiution of 35.34 

30 parts lEM dissolved in 22 parts THF was added dropwise over a period of about 1 1/2 hours. The reaction 
mixture was then allowed to stir at aSoovX 40* C for an additional hour, followed by stining at about 20* C for 
approximately 18 hours. The homogeneous solution was concentrated to a syrupy consistency. It was then 
predpitated into five times its volume of ethyl acetate. The precipitate was filtered, washed with ethyl 
acetate and dried in vacuo. The polymer yield was 98%. The dry polymer (45 parts) was dissolved in a 

35 mixture containing 33 parts of water and 22 parts of HEMA to yield a homogeneous solution having a 
viscosity of 276 cstokes. 



EXAMPLE 12 



Preparatfon of Light Cure tonomer Soiution 

To dried ionomers (prepared from 10 parts of the polyacrylic add descrit)ed in EXAMPLE 1, and 
reacted with 2.08 parts lEM as described in EXAMPLES 6-8) were added HEMA and distilled water in the 
amounts sfiown in TABLE II. The viscosity of each of the resultant homogeneous solutions was measured. 



so 
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TABLE II 



70 



15 



20 



1— — 

Exampio 


Weight % of 


Viscosity 
(cstokes) 


lonomer 


HEMA 


Water 


12a 


25 


28 


47 


26 


12b 


25 


41 


34 


35 


12c 


35 


31 


34 


125 


12d 


45 


21 


34 


181 


I2e 


45 


30 


25 


185 



Each of the above ionomef solutions was combined with a polymerization initiator system as toBows: 



lonomer solution 


4.346 parts 


Camphorqulnone 


0.021 parts 


Dlphenyli(xJonium chloride 


0.135 parts 



EXAIWIPLE 13 



25 



30 



35 



40 



Measurement of Adhesion to Dentin 

Adhesion of light^urable ionomer cement systems to bovine dertin was measured using the fallowing 

"""^TLly mixed ionomer cement system to freshly polished (600 grit) bovine dentin. 
2! Sre for 20 seconds with dental curing flght (-Vlsllux 2". 3M). 
3. Apply dental adhesive ("ScolchbondTM Dual Cute". 3M). 

5". Sy*^W^e*^storalh« ('P^'. 3M) by molding in the shape of a button. 

6. Cure for 20 seconds. 

7. Store in water at 37* C for 24 hours. ^^,o„™M,in 
a sSL off button in a tensile tester -Instron-) at a crosshead speed of 2 mmrtnm. 

A fluoroalummosilicate glass frit was prepared by fusing together and then cooling the following 
ingredients. 



50 



S5 



Ingredient 


Parts 


Si02 


26.84 


AI2O3 


0.80 


P2O5 


0.94 


NH4F 


3.32 


AIF3 


20.66 


IMaaAIFc 


10.65 


ZnO 


20.66 


MgO 


2.12 


SrO 


12.55 



BET surface area anafyzer (Quantachrome Co.. Syosset NY). 
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kjnomer solutions prepared and combined wHh a pohfmerizatton initiator system as descnbed above in 
EXAMPLE 12 were mixed witti the glass povwter at a powdediquld ratio of 1.4:1 and hand spatuteted for 
approximately 15 seconds at about 20* C to give a smooth creamy mix. Adhesion results are shomi in 
TABLE HI below. 

TABLE III 



lonomer 


Adhesion 




(kg/cm2) 


12a 


68.0 


12b 


115 


12c 


125 


I2d 


115 


I2e 


91 



In contrast, the adhesion values of commercially available ionomer cement systems, namely "GC Uning 
Cement-. QC Dental Corp.. Tokyo. Japan, and "Ketac Bond". Espe Fabrik Phami Qmbh. Germany, 
were detennined by the same method to be 40 kg/cma and 45 kg/cm^. respectwely. The resulte TABLE 
III indicate that the adhesion values of cements prepared from the photocurable ionomer cement systems of 
the present inventton can substantially exceed the adhesion values of the comparable commercially 
available ionomer cements. 



EXAMPLE 14 



Effect of Additives In the Reactive Powder 

The glass frft prepared as described in EXAMPLE 13 was combined with varying amounts of disodium 
hydrogen phosphate and milled to fonn a powder (using 12 mm x 12 mm aluminarod frod^in a ceramic 
jar rotated at 60 rpm for about 3 hours. Surface area was detennined as descnbed in EXAMPLE 13. The 
Dowder was then slurried in a solution containing 1 part diphenylkjdonium chtoride (polymenzation initiator) 
and 99 parts methanol. The solvent was then evaporated and the dry. initiator^ontaining^po^r was 
screened through a 74 micron mesh screen, tonomer solutions (prepared as described in EXAMPLE I2d 
and combined with 0.5% camphorquinone) were mixed with initiator-containing powder at a powderhquid 
ratio of 1.4:1 by weight and hand spatulated at approximately 20 C so as to Wend the mixture thoroughly in 
about 15 seconds using about 30 strokes. ^, ■ ^ ^ 

Working time was evaluated by rapWIy molding the mixed cement with a spatula into a beaa 
approximately 2.5 cm long and 0.8 cm wWe. Fbrty seconds from the start of the mix a ball applii^r was 
drawn perpendfculariy through the bead altowing cement to be pulled across the mixing This 
procedure was repeated every 10-20 seconds until the cement became excessively stringy or unworiaWe. 
Adhesion was detennined as described in EXAMPLE 13. 

For diametral tensile and compressive strength measurements the mixed cement samples were injected 
into a glass tube having a 4 mm Inner diameter. The filled tube was placed on a vibrator for 30 seconds to 
eliminate trapped air bubbles, then subjected to 2.88 kg/cm^ (40 psi) pressure foltowed by cunng rMe 
under pressure, by exposure to a VIsilux 2 dental curing light The cured samples were altowed to stand for 
1 hour at about 37* C. 90%+ rel8th« humidity. They were then cut on a diamond saw to form cylindrical 
plugs 2 mm kjng for measurement of diametral tensile strength, and 8 mm tong for "iMsurwrient of 
compressive strength. Tlie plugs were Stored In distilled water at approxima^ 
and their diametral tensile and compressive strengths were detennined according to ISO speoflcabon 74M. 

The composilion of three powders and the concentratton of dlsodiian hydrogen phosphate, together 
with the piopeifles observed fdr each sample are provWed m TABLE IV. 



14 



EP 0 323 120 A2 



TABLE IV 



to 



ts 





ex. 


cx. 






14a 


14b 


14c 


%Na2HP04 


0 


1 


2 


Surface area (m^/g) 


1.39 


124 


1.17 


Working time (seconds) 


35 


135 


260 


Compressive strength (MPa) 




93.5 


68.9 


Diametral tensile strength (MPa) 




18.1 


11.6 


Adhesion to dentin (kg/cm^ 


89 


114 


118 



The results in TABLE IV indicate that working time can be greatly affected. e.g.. protonged. by the 
adjustment of the concentration of modifying agent In this case, the modifying agent Is a 
reacts with the powder in a manner that competes with, and thereby delays the sa&basa setting reacton 
Involving the tonomer and powder. The diametral tensile and compressive strengtt^ are ^^^fj^^ 
by virture of such competing reactions, although still remain well within acceptable limits. The adheston 
values were not significantly affected. 
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25 



30 



(Comparison of Various Additives as Modifying Agents 

A solution of ionomer prepared as described in EXAMPLE 11 and ^'^'^J^'^^^^l'^^f^ 
initiator system as described In EXAMPLE 1 2 was mixed with various additives as shown In TABLES V and 
VI in an attempt to modify wortdng times of ionomer cement systems of the present invention The resulting 
solutions were mixed witti a powder obtained by comminuting tt>e glass composition P^JPa^ as descnbed 
m BoImpLE 13. Woridng times were detemilned as described above in EXAMPLE 14. Adhesion was 
detennined as described in EXAMPLE 13. 



TABLE V 



ss 



40 



so 



55 



Effect of Additives on Wortdng Time 


Powder surface area 1 .04 m^fg 




Powder.Uquid ("P/L") ratio 1.4:1 




Additive 


O)ncentration 


Working 




(w/w%) 


Time (sec) 


None 




100-120 


Tartaric add 


1 


70 


Tartaric ackl 


3 


35 


atricadd 


1 


60-90 


Citric add 


3 


60-90 


C^cadd 


5 


40 


EDTA 


1 


60-75 


Disodlum EDTA 


1 


80 


H3PO4 


3 


100-120 


HaPO* 


6 


60 
10 


H3PO4 


12 
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TABLE VI 



10 



15 



20 



Effect of Additives on Working Time and Adhesion 


Powder surface ar 


ea1.4m2/g 




D/1 rofin 1 A-l 
rlL. rcmu 1 .*r. 1 








Concentration 


w/w% 


Working 


Adhesion 


Additive 




Time (sec) 


kg/cm^ 


isione 




4(^60 


94 


Ethanolamine 


3 


125 




Triethanolamine 


5 


200 




NaH2P04*H20 


3 


390 


78 


NaH2PO**H20 


5 


325 


86 


NajHPOi 


t 


120 


107 


Na2HPOi 


3 


330 


100 


NaaHPOi 


5 


450 


65 


Na3P04-12H20 


7Ja 


400 





Comparison of the data in TABLES V and VI show that acidic additives tend to decrease working time 
whereas t>asic additives tend to increase working time. 
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35 



Determination of Properties of Set Cements 

Polymerization initiator-containing glass powder 'prepared as described In EXAMPLE 14 was mixed with 
tite tonomer solutions described in EXAMPLES 6-8 (formulated witi) 0.5% camphorquinone. based on ttie 
weight of ttie liquW). at a powder to liqukJ weight ratio of 1.4 to 1. The woridng time and ttie properties of 
tiie set cement after curing by 20 second exposure to a Visiiux 2 dental curing light are set forth below in 
TABLE VII. A commercially available lonomer cement "GC" brand lining cement available from GC Dental 
Corp., was prepared according to its directions as a comparative sample. 

TABLE VII 



45 



50 





Uqukls 




Ex.6 


Ex.7 


Ex.8 


GC 


Woridng time (minrsec) 


3:15 


3:45 


4:10 


1:30 


Adhesion to dentin (kg/cm^ 


104.5 


^.5 


101.2 


40 


Compressive strengtti (MPa) 


63.7 


67.5 


53.2 


59.0 


Diametral tensile strengtti (MPa) 


11.4 


12.4 


11.2 


5.6 



The results In TABLE VII Indteate ttiat cements of ttie present invention exhibited equivalent compres- 
sive strengtti and superior adheskm and diam^ tensile strengtti compared to tiie conventional cement 



EXAMPLE 17 



55 



Preparation of Photocurable lonomers having Ester Linkages 



16 



EP 0 323 120 A2 



A 15% sotution of poly(vinylazalactone) was prepared according to the procedure described in Heiiman 
et ai., "Chemistry of Alkenyf Azalactones I. Radiation Sensitive Materials derived from Azlactone Containing 
Copolymers". J. Polym. Sd., Polym. Chem. Ed. ^ 1179-1186 (1984). The polymer was isolated by 
predpftat'ng 50 parts of the atx)ve solution in 300 parts of mixed hexanes and redlssofving the isolated 

5 polymer in 24 parts of dry aceton . To this solution were added 1.31 parts of HEMA. 0.02 parts 4- 
methoxyphenol ("MEHQ") and 0.15 parts of trifluoroacetic acid. The reaction mixture was heated at 
approximately 60*C. After about 21 hours the azalactone peak at 1820 cm*' decreased due to amide 
fbrmatk)n. showing that addition of HEMA had occunred. To 18.9 parts of the resulting reaction product were 
added 0.43 parts of water and 3 parts of triftuoroacetic acid and the resultant mixture was aik>wed to stir at 

10 approximately 20 *C. After about 3 days the reaction mixture was conslderabty more viscous than inr^iy 
observed. Infrared spectral analysis showed that the azalactone peak had disappeared completely and was 
replaced by a CO2H peak In the 3000-2500 cm** region. The polymer was then predpitaied in hexanes, 
filtered and dried in vacuo. A portion (1.09 parts by weight) of the dry polymer was dissolved in 0.80 parts 
of HEMA and 0.67 parts of potyacrylic add solution ("Good-rite K-732". B.F. Goodrich. Oeveland. OH). To 

75 the resulting solutton were added 0.091 parts diphenyliodonium chloride and 0.0156 parts camphorquinone. 
One part of solution was mixed with 1.2 parts of glass powder prepared as described in EXAMPLE 13 and 
the mixture was inradiated with Visilux 2 dental curing light for 30 seconds. A hard mass was obtained. 



20 EXAMPLE 18 
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Preparation of Methylvinylether-corrtaining Photocurabie lonomers 



To a mixture of 1.77 parts of methyhrinylether malete anhydride copolymer ("Qantrez AN119". GAP 
Corp., New York. H>0 in 51 parts of dry tetrahydn>furan was added (1) a solution consisting of 0.34 parts of 
HEMA. 0.009 parts of MEHQ and 1.6 parts of THF. fblkwed by (2) a solution of 0.015 pats of 1.4 
dia2abtcyckK2.2.2)octane ("DABCO", Akfrich Chemteal Co.) catalyst dissolved in 1.6 parts of THF. The 
30 mixture was heated under reflux for atx)ut 21 1/2 hours, cooled to approximately 20*C and then 
predpitated in hexanes. The pale pink predpitate was filtered, washed with hexanes and dried in vacuo. 
Infrared and nuclear magnetic resonance spectral analyses indicated that ethylenically unsaturated groups 
had been linked to the polycarboxytic add. 



EXAMPLE 19 



40 Fluoride Release 

In vitro fluoride release was measured for a sample of the cured cement mix of EXAMPLE 13 using the 
ionomer of EXAMPLE 12c in phosphate buffer of pH 6.4 using a fluoride ion selective electrode according 
to method of Swartz et al., J. Dent Res. . 63, 158-160 (1984). TABLE VIII bek>w shows the cumulath/e 
46 amount of fluoride leached peT gram of the light cured glass ionomer sample, compared with a conventional 
commerdalty avaiiable glass ionomer cement Ketac Bond (Espe). 



50 
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TABLE VIII 



s 



to 



15 



20 



Uayo 


Ruoride release 


Sample 


Ketac 
Bond 


4 
1 


186 


83 


O 


176.5 


161 


n 
O 


252 


169 


4 


370 


198 


7 


550 


298 


11 


715 


379 


17 


900 


463 


25 


1110 


657 


31 


1235 


740 


46 


1665 


871 


74 


1791 


959 


102 


1950 


1036 


137 


2450 


1140 


203 


2984 


1084 



The light-curable glass lonomw cement system was evaluated in vitro for cariostatic activity using the 
25 method developed by R. L Erickson et al.. J. Dent Res.. 66. Abstract No. 1114 (1987). It was found to 
contain a substantial caries inhttHtion zone thuFindicating that the material should be cariostatia 



Claims 

30 

^. A photocurable ionomer cement system comprising (a) a photocurable lonomer having sufficient 
pendent ionic groups to undergo a setting reaction in the presence of a reactive powder and water and 
sufficient pendent polymerizable groups to enable the resuiting mixture to be cured by exposure to radiant 
energy, and (b) reactive powder. 
35 2. A photocurable lonomer cement system according to claim 1 fiirther comprising water, present in a 
form that does not prematurely begin to set the system. 

3. A photocurable lonomer cement system acconjing to claim 2 wherein said water is present in the 
fcNm of an aqueous solution of said lonomer. and said powder is provided as a separate component for 
mixing with said solution. 

40 4. A photocurable ionomer cement system according to daim 2 wherein said ionomer and said reactive 
powder are present as an anhydrous mixture and said water is provided as a separate component for 
mbatiQ with said mixture. 

5. A photocurat>le ionomer cement system according to claim 1 further comprising polymerization 
tr^'afior and cosolvent 

45 6. A photocursdble ionomer cement system according to dalm 1 further comprising modifying agent 
selected from the group consisting of aiicanolamines. and mono-, di-. and tri-sodium hydrogenphosphates. 
7. A photocurable ionomer cement system comprising 
(a) a photocurable ionomer of the fbnmula 

50 B(XUY)o I 

<wtierein 

8 represents an organic bacfcbone; 

each X independently is an ionic group capable of undergoing a setting reaction in the presence of water 
55 and a reactive powcter. 

each Y Independently Is a photocurable group, 

m is a number having an average value of 2 or more, and 

n IS a nmitoer having an average value of 1 or more, and 
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(b) a reactive powder. 

8. A nnethod for preparing a cured ionomer cement comprising the steps of 

(a) mixing a photocurable ionomer. a reactive powder, and water to t)egin a setting reaction, 
5 (b) forming the resuftant mixture into its desired shape. 

(c) curing the resultant shaped mixture by exposure to radiant energy, and 

(d) allowing said setting reaction to harden said mixture fully. 

9. A cured ionomer cement prepared by curing by exposure to radiant energy a photocurable ionomer 
10 cement system, said cement system comprising an intimate mixture of (a) a photocurable fonomer having 

sufftdent pendent ionic groups to undergo a setting r^tction In the presence of a reactive powder and water 
and sufficient pendent ethylenically unsaturated groups to enable the resulting mixture to be tured by 
exposure to radiant energy, (b) reactive powder, and (c) water. 

10. A photocurable ionomer of the formula 

IS 

wherein 

B represents an organic backbone; 
20 each X independently is an Ionic group capable of undergoing a setting reaction in the presence of water 
and a reactive powder. 

each Y independently Is a photocurable group, 
m is a number having an average value of 2 or more, and 
n is a number having an average value of 1 or more, 
25 wherein at least one of said Y groups is linked to said backtx)ne by means of an amide linkage formed by 
reacting an X group of the formula -COOH of a polymer of the formula B(X)n,«n with a coupling compound 
containing both said Y group and a group of the formula -NCO capable of reacting with sakf X group. 
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